Abstract-Tooth extraction is a treatment of choice in the tooth size discrepancy cases in order to achieve appropriate alignment, angulation, and inclination of the teeth. The objective of this study was to determine the effect of premolar extraction on overall Bolton ratio in Class III malocclusion. Samples in this study consisted of 40 study models of subjects with Class III malocclusion that meets the inclusion criteria. Measurements were performed directly on 12 maxillary and mandibular teeth in study model using an electronic digital caliper with accuracy 0.01 mm. Furthermore, the initial overall Bolton ratio was calculated on the whole samples and continued with several hypothetical extractions. After that, the calculation of the overall Bolton ratio in the fifth combination of premolar extraction was done and the results were statistically tested. The results showed that the initial overall Bolton ratio consisted of 5 subjects (12.5%) with small overall Bolton ratio, 24 subjects (60%) with normal overall Bolton ratio, and 11 subjects (27.5%) with large overall Bolton ratio. Wilcoxon test showed the effect of premolar tooth extractions on overall Bolton ratio in Class III malocclusion (p=0.001). Overall Bolton ratio decreased significantly after the extraction of the premolars in all hypothetical extractions, where normal Bolton ratio was observed in the combination of upper first premolar and lower second premolar extractions. As the conclusion, premolar tooth extraction affects the overall Bolton ratio in Class III malocclusion.
INTRODUCTION
Tooth size is a very important parameter in diagnosing and determining a treatment plan [1] . This is because without a good balance between the mesiodistal size of the maxillary and mandibular teeth, the final result and stability of an orthodontic treatment becomes difficult to achieve [2] .
Orthodontists have used several methods to determine the discrepancy of interarch tooth size in patients undergo orthodontic treatment, among them were Kesling's diagnostic setup, the ratio of canine fossa width to the total width of maxillary tooth width according to Howes, Neff's anterior coefficient method and Bolton analysis [3] [4] [5] [6] [7] [8] [9] . The Bolton analysis is the ratio between the mesiodistal number of maxillary and lower teeth that has been used extensively in detecting interarch dental discrepancies [10] [11] [12] . The Bolton analysis is divided into two, namely the anterior Bolton ratio and the overall Bolton ratio [13] .
In the case of space discrepancy, one of the usual treatment options is tooth extraction, especially premolar teeth to achieve appropriate dental alignment, angulation, and inclination [14] . However, the determination of treatment options is one of the most difficult and critical for orthodontists when preparing a treatment plan [15] [16] [17] . Research showed that overall Bolton ratio declines after the extraction of the four first premolar teeth [18] . In addition, Li also reported a decrease in overall Bolton ratio after four extraction combinations namely the extraction of the four first premolars, four second premolars, mandibular first premolars and second premolars, as well as the extraction of maxillary second premolar and mandibular first premolar [19] . Several researchers also reported a significant association between tooth-size ratio and malocclusion type [20] [21] . Sperry et al analyzed the Bolton ratios in Class I, II and III malocclusions, and found that subjects with Class III malocclusion had an exaggerated ratio of maxillary tooth size magnitude when compared to subjects with Class I and II [22] . In addition, Nie and Lin also reported that subjects with Class III malocclusion had greater anterior and overall Bolton ratio than subjects with Class I and II [23] .
The prevalence of the number and type of malocclusion varies greatly among races and ethnicities, where Class III malocclusion has a high prevalence in Southeast Asian populations [24] . Hardy et al reported that the Chinese and Malaysian populations had higher prevalence of Class III Angle malocclusion compared to other racial groups [25] . Ruslin et al also found that mandibular prognathy is the most common abnormality found in Indonesian with an average age of 22.78 [24] .
This study aims to determine the overall Bolton Ratio of Class III malocclusion patients after hypothetical extraction in RSGMP FKG USU.
II. MATERIALS AND METHODS
The sample in this study were 40 study models of subjects with Class III malocclusion (ANB = -1.7 ± 0.91º) that meets the inclusion criteria. Measurements were performed directly on 12 maxillary and mandibular teeth in study model using an electronic digital caliper (Digimatic Caliper, Mitotoyo) with accuracy 0.01 mm. Measurement starts from the first molar from the first quadrant to the first molar of the second quadrant, then proceed from the first molar from the third quadrant to the first molar teeth of the fourth quadrant. Measurement of the mesiodistal width of the tooth is carried out from the most mesial point of contact to the most distal interproximal contact point of 12 maxillary and mandibular teeth. All of these measurements were done only by one operator.
Subsequently, the initial overall Bolton ratio calculation was calculated on all samples and followed with a combination of hypothetical extraction with the pattern of all first premolars, all second premolars, two mandibular first premolars and two mandibular second premolars, two mandibular second premolars and two mandibular first premolar, and two mandibular first premolars extractions. After that, the overall Bolton ratio calculation was performed on the five hypothetical extractions and the results were tested statistically to see the effect of premolar tooth extraction on the overall Bolton ratio on Class III malocclusion.
III. RESULTS
Homogenity tests were performed on all data using Levene test and the results showed that the data came from the same variant. Because of the homogeneous data, then to obtained the overall Bolton ratio in Class III malocclusion was done by using Oneway ANOVA test with the degree of significance α = 0.05. Table I showed the distribution of overall Bolton ratio data prior to premolars extraction on Class III malocclusion, i.e. five subjects (12.5%) with small overall Bolton ratio (88.94 ± 0.38), 24 subjects with normal ratio (91.15 ± 1.07), and 11 subjects (27.5%) with large Bolton ratio (94.56 ± 0.91) ( Table I) . Figure 1 showed the number of subjects with the highest normal overall Bolton ratio was found in the Advances in Health Science Research, volume 8 maxillary first premolar and mandibular second premolar extraction pattern, while the most significant change in overall Bolton ratio (p <0.05) occurred in the mandibular first premolar extraction group, where all overall Bolton Ratio become smaller after the premolar extraction. IV. DISCUSSION The sample in this study is a study model of patients that meet the inclusion criteria with good conditions, no fractures and no porous, with total 40 subjects. The subjects of the study should have Class III Angle malocclusion that was seen from the relationship between the maxillary and mandibular first molar and have ANB value smaller than 0°.
The selected subjects were subjects with age range from 17 to 35 years, this is because the initial permanent tooth was the period chosen to produce more accurate dental measurements because, at this stage, there was minimal damage and attrition in most individuals [26] . In addition, the subject of this study was not differentiated by gender, because the previous study showed that there was no significant difference in the overall Bolton ratio between male and female subjects [27] .
The overall Bolton ratio calculation begins by calculating the mesiodistal width of the permanent first molar to permanent first molar on the other side of maxillary and mandibular, which is performed on the study model using an electronic digital caliper (Digimatic Caliper, Mitotoyo) with accuracy 0.01 mm. All measurements were done only by one operator. In one day, measurements can only be done on 5 study models to avoid eyestrain, so the measurements result will remain accurate. The measurement is done back after 2 weeks interval to see the measurement accuracy.
Based on the Wilcoxon test, the results of this study showed the effect of the extraction of all first premolars on the overall Bolton ratio, where the overall Bolton ratio decreased significantly in all groups. This result is similar to the study done by Heusdens et al stated that there was a significant difference in overall Bolton ratio after the maxillary and mandibular first premolars extraction [28] .
The results of this study showed that the extraction of all second premolars had an effect on the overall Bolton ratio, where the overall Bolton ratio decreased significantly in all categories of Bolton ratios. The results were consistent with the study by Saatci and Yukai, which found a decreased in the Bolton ratio after the extraction of all the second premolar teeth and maxillary second premolar teeth and the mandibular first premolar [19] .
The extraction of two maxillary first premolars and two mandibular second premolars showed an effect on the overall Bolton ratio, in which overall Bolton ratio had decreased significantly in all categories of Bolton ratios. This is not in accordance with research conducted by Saatci and Yukai, where they suggest that there was an increased in overall Bolton ratio after the extraction of all first premolar, as well as the maxillary first premolars and mandibular second premolars [19] . This may be due to the differences of mesiodistal width size in the research samples used between this study and previous studies.
The results of this study showed that the extraction of mandibular second premolars and mandibular first premolars resulted in a significant decreased in all categories of Bolton ratios. This results were consistent with the research by Tong et al, which stated that there was a significant decrease after the removal of fourth second premolar teeth, as well as the maxillary second premolar and the mandibular first premolar, this is because the maxillary second premolar have smaller size when compared with maxillary first premolar, so the overall Bolton ratio will be smaller after the maxillary second premolars extraction than the maxillary first premolars extraction [27] .
Overall, the results of this study showed that the effect of premolar tooth extraction on all combinations of extraction leads to a decreased in overall Bolton ratio, which was consistent with the results of a study conducted by Tong et al that also found changes in the Bolton ratio in all combinations of tooth extraction [27] . The overall decreased in Bolton ratio across all combinations of extraction is due to the mesiodistal ratios of first or second mandibular teeth smaller when compared to the mesiodistal width of the first or second premolar tooth in the mandible.
The effect of several different extraction patterns on the Bolton ratios is very useful, not only in determining the overjet, overbite and final occlusion of the patient, but also in planning the extraction pattern and the need for interproximal reduction [21] .
